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Status of Research under NASA Grant NAG 5-2694

through December 1995

We su_m.marize the first year of work on this three-year award.

Our proposed milestones were rearranged at the beginning of work from

the traditional sequential development model to the more modern and ef-

fective rapid prototyping model. In this revised approach, we proposed to

develop a complete end-to-end prototype of the Progressive Image Trans-

mission (PIT) system in the first year, and to release it to selected users for

beta testing. This revised approach would allow important user feedback

before undertaking the big task of designing the ultimate user interface.

We succeeded in developing this prototype and have distributed it to a

select group of scientists involved in both professional and educational work.

We have received the first round of feedback, which is already influencing our

next task, that of redesigning the compressed image file and transmission

protocol. This redesign, to be completed by the middle of 1996, will allow

digital image libraries to store images more effectively and to serve them
out to PIT users with less overhead.

The current PIT system was developed using the Tk graphical scripting

language. We chose this because of its simplicity and flexibility. We are now

considering, and will probably choose, the web-based JAVA language as the

ultimate implementation tool. This will, in one fell swoop, give us machine

independence and a Web-oriented browsing mode that will guarantee the

role of our Progressive Image Transmission in the emerging Web uuiverse.

We are pursuing Progressive Image Transmission interests in the educa-

tional realm (e.g. UNM's LODESTAR program), the scientific realm (e.g.

NCSA, Wl'YN Telescope, CTIO Observatory), and the private sector (3M

Electronic Imaging).

We have been making detailed quarterly progress reports to our Tech-

nical Officer, and append them here as a detailed description of work and

progress.



-- Quarterlyreport for thequarterOct-Dec1995--
Octobermarkedthebeginningof our effort on thisproject. Welearned

that wehadbeenfundedat 80thebestwayto proceedwasto start outa little
moreslowlythan we had planned. We deferred the hiring of the programmer,

pending our reevaluation of the schedule and milestones. We anticipate

being able to meet all of our milestones and produce all of our deliverables,

albeit with some modifications to the detailed sequence of events.

We began our research into Graphical User Interface (GUI) builders.

A literature search yielded a number of good candidates, all within the

amount budgeted within the proposal. One question we will have to answer

is whether we want a simple GUI builder or a more sophisticated cross-

platform development kit. The simple GUI builders have the advantage of

simply accelerating the construction of a Motif-based GUI, while the cross-

platform kits achieve portability by *emulating* the target's environment,

rather than producing code *for* it. This means, for example, that the

programmer's GUI specification exists in what may be a vendor-specific,

proprietary format rather than, say, a simple UIL file that can be ingested

by some other GUI builder. In other words, the effort that goes into using

a cross-platform kit may not be portable to kits from other vendors. They

lock you into their product. We are tending to think that requiring UIL as

an output product is the way to go, as we would end up with a portable GUI

specification, requiring only that a target support the traditional Motif ap-

paratus and a C compiler. We remain open on this issue, and are continuing

our investigation.

We were asked to prepare and present a colloquium and demo for the

Project at GSFC. Co-investigator Richard White described the compression

technique underlying our Progressive Image Transmission (PIT) scheme, and

the PI presented results from the prototype implementation. We were asked

to quantify the effectiveness of the compression for non-astronomical images,

specifically weather images. We agreed to sample some images provided by

the Project and report on the compression performance. In the demo the PI

showed the prototype PIT system, transferring images from Wisconsin. Dr.

White used IDL to demonstrate in greater detail the nature of the lossiness,

and quality of the reconstruction, of compressed images.

The PI met with the RSPAC PI and briefly discussed the RSPAC block

diagram and how we could best coordinate our efforts with RSPAC.



-- Quarterlyreport for thequarterJan-Mar1995--
In Januarythe Project helpa PI workshopto allow the variousCAN

effortsto learnabout eachother. ThePI couldnot attendbecauseof the
impending,andultimately successful,birth of our beautifulseconddaugh-
ter, Ruth. Our project wasrepresentedby the Co-IDr. White, who pre-
sentedthe resultsof his investigation of his compression performance on

non-astronomical images. Specifically, he looked at a GOES image con-

verted from GIF into FITS format, and a picture of President CHnton. He

reported that these images performed as well as astronomical images under

aggressive levels of compression, and that, as expected, the lossiness was

nearly undetectable with only 10data preserved. The GOES weather image

clearly showed the cloud cover, which seemed to be of particular interest at

the colloquium in December.

The PI prepared a Web page describing our project. The URL is"

ht tp://jerry.sal.wisc.edu/jwp/can.html

This page presents the abstract and tech_n_ical sections of our proposal,

further references for both the wavelet compression and the Progressive Im-

age Transmission (PIT) prototype system, and the examples presented at

the GSFC colloquium in December and the CAN workshop in January. Also

included are links to the home pages of the PI and Dr. White, as well as a

link to the Digital Library Technology (DLT) Project.

We were asked to deliver our prototype (non-GUI) system to the Project

(contact: Upendra Shardanand, shard@ds.gsfc.nasa.gov) for experiments,

playful use, demos, etc. We had numerous exchanges with Mr. Shardanand,

and think that he is now up to speed on the use of this prototype.

The PI and Dr. Lal, the DLT Project Manager, discussed a reorganiza-

tion of milestones. Instead of working sequentially from the PIT protocol

through to the client and server, culminating at the end with a Graphical

User Interface (GUI), we decided instead to implement a rapid-prototyping

cycle. We will generate a simple GUI quickly using the Tk graphical script-

ing language, allowing both rapid feedback into the protocol specification

and early use of the PIT system by the Project and RSPAC. We will generate

a series of "mini releases", with each released GUI having an incrementally

larger functionality. We hasten to emphasize the following points:

1. The mini-releases must be understood to be simple, quickly produced

"rough drafts" of the end product. 2. The mini-releases to not necessarily

represent the final deliverables in appearance, capability, performance, or

even language of implementation. 3. Their use within and outside the

project must strictly controlled unless points (1) and (2) above are clearly
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understood.
Wesimplyfear that if presentedout of context,thesecrudeapproxima-

tionsto ourgoalwill bemisconstruedasrepresentativeof thefinal capability
or quality of our deliverables,andwish to avoidany suchmisunderstand-
ings. This reorderingis alreadybearingfruit_ andwehopeto releaseour
first rough-d_raftGUI within a weekor two. Wewill contactDr. Lal when
this mini-releaseis ready.



-- Quarterlyreport for the quarterApr-Jun 1995--
Thisquartersawthecompletionof the end-to-end prototype, including a

simple Xt-based image viewer. This simple, portable viewer receives image

data via shared memory, thereby eliminating the previous inefficiency of

writing the image to disk and re-reading it into a separate viewing program.

Serious effort was devoted to portability issues. The code was upgraded

with ANSI subroutine prototypes, and BSD-tmix dependencies were elim-

inated or worked around via conditional compilation. With RSPAC com-

puter support, I created a working Solaris version. Because Solaris is a

standard System V product, I expect that porting to other System V sys-

tems such as HPUX should proceed smoothly.

Currently supported systems: DEC OSF/1 (alpha) DEC Ultrix (mips)

DEC Ultrix (vax) SGI IRIX Sun Solaris Sun SunOS

Near term goals: 1. delivery to RSPAC (done as of 25 July 1995) 2.

delivery to NASA DLT (Robert Lehr) 3. add metrics to transmission (how

much, how soon, how good...) 4. Attack code bottlenecks for improved

efficiency 5. Solicit feedback from RSPAC and DLT users 6. Assess image

viewer, write requirements for next version. 7. Consult with possible collab-

orators at NCSA 8. Consult with possible collaborators at Harvard's Center

for Astrophysics (already involved in CAN).



-- Quarterlyreport for thequarterJul-Sep1995--
This quartersawthe beta releaseof the ProgressiveImageTransmis-

sionsystem. Initial feedbackwasgood,with a numberof suggestionsfor
immediateimprovement.Theseincludedisplayof transmissionmetrics(in
progresssincelast quarter),improvedfile choosing(file size,title, e::.) and
imagesubsetting(sendinga pieceof the imagethat containsan areaof
interest).

Typical activities this quarterwerecompilingfor multiple platforms,
walking throughbeta sessionswith users,promotingcontactswith devel-
opersin related areas(morebelow),and variouscodingefforts suchas
switchingto the SystemV signalsinterfaceand experimentingwith pro-
tocolmetrics.

Outsidecontacts:I am still pursuingoutsidecontacts.I sentreprints
to the NCSAfolks,and will recontactthemthis month. The3M company
held a "TechnologyTransferFair" in St. Paul, at whichour project was
representedby UW IndustrialRelationspeople,andweendedup with four
3M groupsinterestedin further information.ThesegroupscovertheElec-
tronic Imaging,AdvancedMediaand Systems,andPrinting andPublishing
Divisions.

Codedevelopment:I spentsometime experimentingwith transmission
metrics,includingarobustbaudrateestimation.Thisis important, because
it influencesthe"time to go" metricandbecausesmallerrorsin estimating
theinstantaneoustransmissionratebecomehighlymagnifiedin "time to go"
whentheuseris in thehighlycompressedregimein whichoursystemexcels.
The problemis estimatinga rate in the presenceof noise(timing jitter),
andI experimentedwith analgorithmI ran acrossin my telescopecontrol
systemswork. Thisalgorithmis calledthe "alpha-betaradar tracker",and
is a discrete-timeZ-transformmethodof estimatingthe speedof a radar
targetin the presenceof noisydata. Thealgorithmsportstwoindependent
variablescontrollinggainanddampingfactor.Thegaincontrols how quickly

baud rate changes are sensed, and the damping factor controls noise (timing

jitter) susceptibility. These tests gave promising results, and appear to be

better than simple box-car or sliding window averages, but I will continue

to devote a small fraction of time to this in the next few weeks.

Another interesting small-scale effort was an experiment in video trans-

mission. Our Progressive Image Transmission system so far has focussed on

single digital images, but the extension to video sequences (e.g. television)

is simple. A grabbed frame becomes a digital image, and our GUI only

needs a few extra control buttons (pause, skip, and so on) to become what



I call a "video framebrowser". This is *not* a videoconferencingtool, or
a real-timevideotool, rathera simpleschemefor sendingindividual video
framesin whichtheusercancontrolresolutionandimagequality ona per-
framebasis.This simplevariationon ourbaselineGUI couldbeused,for
example,by studentsto capturesampleframesfrom a real-timevideofrom
an observatory,laboratory,or other interestingvideosource. I point out
that theprotocol,server,andclientinterfaceall usethe sameprotocolsand
algorithmsasthe digital imagesystem,and still target the sameultra-low
bandwidthgroupof users,providinga veryresource-efficientspin-offof the
basicprogram.

Main upcomingissues:
1. newGUI client. We budgeted a new hire for this, a new workstation,

and a commercial GUI builder program. We need to launch this activity,

but I would like to make sure that FY96 funding is stable and in place before

committing to this.

2. Is Mosaic the way to go any longer? What about Java, which as

I understand it externalizes algorithms for a WEB program rather than

internalizes them? Perhaps this sort of thing could be discussed at the

upcoming PI meeting?

Near term goals: 1. new release of beta system 2. solicit feedback from

RSPAC, DLT, and other users 3. specify and start new GUI client 4. consult

with NCSA 5. consult with Harvard's CFA (already involved in CAN) 6.

learn about Java 7. identify code bottlenecks for improved efficiency
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-- Quarterlyreport for thequarterOct-Dec1995--
This quarter sawseveralupdatesto the beta release,and wepursued

severalnewcontactsinterestedin progressivetransmission.Weran a demo
with the LODESTAR program (University of New Mexico) in which stu-

dents run robotic telescopes from schools. The LODESTAR program fea-

tures video signals from observatories sent over high-bandwidth lines, but of

course such connections will not exist for many rural schools. We promoted

our "Progressive Video Transmission" system (see last quarter's report) as

a useful tool for isolated classrooms. In addition, the Cerro Tololo Inter-

american Observatory (CTIO) in Chile has expressed interest in using the

Progressive Image Transmission (PIT) system for scientists using the CTIO

telescopes over slow transcontinental telephone lines. We will install the

PIT system there this week, and keep in active contact with them as their

users begin to use the system.

Code developments:

We implemented the transmission metrics and progress indicators, al-

lowing users to see how things are going, how much time until a new view is

ready, how much time to complete, etc. These features met with universal

acclaim.

The biggest single unimplemented feature coming out of our beta testing

is "regions of interest" (ROIs), in which a user can draw a box around a

part of an incoming image and get a higher priority assigned to that area.

This feature is a natural one for PIT, as the very rapid appearance of the

initial image lets the user identify interesting ROIs quickly.

This affects the code development in three ways:

1. Easily identifying the ROI (a GUI issue) 2. Easily extracting the

ROI (a server issue) 3. Sending ROI data intermixed with regular data (a

protocol issue)

Item (1) is financially interesting because GUI development is a big thing,

and we have deferred starting this due to budget uncertainties. We need to

make this hire, and for that I'd like to have the budget uncertainty removed

(as would everybody, of course).

Item (2) is technically interesting because the ROI must be extractable

whether or not the raw image is available, i.e. if an archive has been stored

as wavelet files, we do not want the server to have to invert the transform

to get the ROI. We have a handle on how to do this.

Item (3) is not anticipated to be a big deal, but items (2) and (3) taken

together have caused us to consider a quantum leap in server code: up

until now, the wavelet file format has been very different from the protocol



format. Wenowintend to merge these two things, and design a progressive

file format. This will be neat, reducing the server overhead and making

file truncation equivalent to progressive transmission. The PI will meet in

Baltimore with the Co-I Rick White in the next few weeks for a several-day

design session.

GUI directions:

Everyone is now convinced that JAVA must be explored, and rumored

JAVA speed improvements may remove any down side to a JAVA-based PIT.

I have asked a systems programmer here at the Space Astronomy Lab to

begin to develop a simple GUI, which we can later enhance with a full-blown

PIT system when the budget problem goes away.

Budget:

We have been underspending due to the delay in GUI work. We hope

that the apparent surplus does not give the impression that the grant can

be reduced further, because we will have to work double-hard in the future

to make up for the delays this fall and winter. Also, moving to a Web-based

JAVA applet, while clearly the thing to do, involves more unknowns than

the traditional GUI we have been planning thus far. We hope to get a handle

on the level of effort from our JAVA startup effort mentioned above.

Keports:

We are late with our annual performance report to the Grants Officer,

and will submit one by 12 January 1996.
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